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(57)Abstract 

PROBLEM TO BE SOLVED: To prevent oxide loss which is caused by rough density of 
plugs, when metal plugs are formed by using a chemical mechanical polishing(CMP) 
method. 

SOLUTION: An MISFET Qn is formed on the main surface of a semiconductor 
substrate I. After a silicon oxide film covering the MISFET Qn is deposited, the silicon 
oxide is polished by using a CMP method, and a flat interlayer insulating film 7 is 
formed. A silicon nitride film 13 of 50 nm thickness is deposited on the interlayer 
insulating film 7, connecting holes 8 are opened, and a titanium nitride film 9a and a 
tungsten film 9b with which the connecting holes 8 are filled are deposited. After that, 
the titanium nitride film 9a and the tungsten film 9b are polished by using the CMP 
method, and metal plugs 9 are formed in the connecting holes 8. 
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[0050] First, a semiconductor substrate 1, in which p-type 
impurities are introduced in low concentration, is provided, 
and, subsequent to the formation of shallow trenches 2b, 
isolation regions 2 are formed (Fig. 2) . The shallow trenches 
2b are formed by patterning a main surface of the semiconductor 
substrate 1 by means of photolithography and anisotropic 
etching. The isolation regions 2 are formed by depositing a 
silicon oxide film all over the semiconductor substrate 1 having 
the shallow trenches 2b, and by polishing the silicon oxide film 
by means of CMP so as to remove the silicon oxide film deposited 
on the semiconductor substrate 1 such that only the silicon 
oxide film is remained inside the shallow trenches 2b. 
[0051] The silicon oxide film may be formed by means of, for 
example, thermal CVD using TEOS . In order to remove etching 
damage caused when the shallow trenches 2b are formed, a thin 
silicon oxide film may be formed before the silicon oxide film 
is deposited. Additionally, a silicon nitride film may be 
formed on a surface of the semiconductor substrate 1 except for 
the shallow trenches 2b so as to be a stopper film used when 
the silicon oxide film is subjected to CMP. 

[0052] Next, a MISFET Qn is formed on the main surface of the 
semiconductor substrate (Fig. 3) . The MISFET Qn is formed by 
depositing a silicon oxide film which is to be a gate insulating 
film 3 on the main surface of the semiconductor substrate 1 by 
means of, for example, thermal CVD, by depositing a 
polycrystalline silicon film which is to be gate electrodes 4, 
and by subsequently patterning the silicon oxide film and the 
polycrystalline silicon film so as to form the gate insulating 
film 3 and the gate electrodes 4. In order to lower resistance 
of the polycrystalline silicon film, impurities are introduced 
thereinto in high concentration. Then, sidewall spacers 6 are 
formed by, for example, depositing a silicon nitride film all 
over the semiconductor substrate 1, and by performing 
anisotropic etching such that only the silicon nitride film is 
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remained on side surfaces of the gate electrodes 4. Then, 
impurity semiconductor regions 5 are formed by introducing ions 
of n-type impurities such as phosphorus (P) and arsenic (As) 
in a self-aligning manner, using the gate electrodes 4 and the 
sidewall spacers 6 as a mask. It is to be understood that a 
photo resist film used in the above-described process can also 
be used as a mask so as to cover regions in which no impurities 
are formed. Further, metal silicide films 4a and 5a are formed 
on top surfaces of the gate electrodes 4 and top surfaces of 
the impurity semiconductor regions 5, respectively, by 
depositing a tungsten film all over the semiconductor substrate 
1 and performing a heat treatment . In this case, while tungsten 
silicide is used as an example of the metal silicide films, the 
metal silicide film may be silicide of titanium (Ti) or cobalt 
(Co) . Thus, the MISFET Qn shown in Fig. 3 is formed. 
[0053] Next, an interlayer dielectric film 7 covering the MISFET 
Qn is formed (Fig. 4). The interlayer dielectric film 7 is 
formed by thickly depositing a silicon oxide film by means of, 
for example, CVD using TEOS, and by polishing the silicon oxide 
film by means of CMP to planarize the silicon oxide film. 
Therefore, surface flatness of the interlayer dielectric film 
7 is guaranteed. Film thickness of the interlayer dielectric 
film 7 may be approximately lOOOnm. 

[0054] Next, a silicon nitride film 13 is deposited on a top 
surface of the interlayer dielectric film 7 (Fig. 5) . The 
silicon nitride film 13 may be deposited by means of plasma CVD 
or sputtering. As described below, the silicon nitride film 
13 functions as a stopper film used when polishing is performed 
by means of CMP. The film thickness of the silicon nitride film 
13 may be 50nm. 

[0055] Next, via holes 8 are formed by performing anisotropic 
etching for the silicon nitride film 13 and the interlayer 
dielectric film 7, using a photo resist film as a mask (Fig. 
6) . The via holes 8 are formed such that the impurity 
semiconductor regions 5 (the metal silicide film 5a) provided 
on the main surface of the semiconductor substrate 1 are 
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exposed. 

[0056] Next, a titanium nitride film 9a is deposited as a barrier 
film, and further, a tungsten film 9b is deposited (Fig. 7). 
The titanium nitride film 9a may be deposited by means of 
sputtering or CVD. The tungsten film 9b may be deposited by 
means of, for example, blanket tungsten CVD. As shown in Fig. 
7, the tungsten film 9b completely fills the via holes 8. 
[0057] Next, metal plugs 9 are formed by removing, by means of 
CMP, the tungsten film 9b and the titanium nitride film 9a 
deposited on the silicon nitride film 13 except for portions 
of the via holes 8 (Fig. 8) . In this case, the silicon nitride 
film 13 functions as a stopper against CMP polishing, since a 
polishing rate of the silicon nitride film 13 is equal to or 
lower than one fifth of the polishing rate of the tungsten film 
9b or that of the titanium nitride film 9a . Thus, the interlayer 
dielectric film 7, which is provided below the silicon nitride 
film 13, is not polished, and therefore, the film thickness of 
the interlayer dielectric film 7 and heights of the metal plugs 
9 can remain equal, regardless of whether the metal plugs 9 are 
provided in a dense manner or in a sparse manner. 
[0058] With reference to Figs. 10, the above state will be 
described. Fig. 10 (a) is a diagram showing a cross section 
of the interlayer dielectric film 7 and the metal plugs 9 
provided after polishing is performed by means of CMP in a case 
where the present invention is applied, and Fig. 10 (b) is a 
diagram showing a cross section thereof in a case where the 
present invention is not applied, for comparison. In each of 
Figs. 10 (a) and (b) , the left-hand region shows a region in 
which the metal plugs 9 are formed in a dense manner and the 
right-hand region shows a region in which the metal plugs 9 are 
formed in a sparse manner. As shown in Fig. 10 (a) , in the case 
where the present invention is applied such that the silicon 
nitride film 13 is formed so as to function as a stopper film, 
the silicon nitride film 13 remains due to its slow polishing 
rate when CMP is completed (i.e., when the tungsten film 9b and 
the titanium nitride film 9a deposited on the silicon nitride 
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film 13 are completely removed) . The silicon nitride film 13 
as described above remains, regardless of whether the metal 
plugs 9 are provided in a dense manner or in a sparse manner. 
In contrast, in the case where the silicon nitride film 13 is 
not formed, the metal plugs 9 provided in a dense manner in the 
left-hand region are overpolished so that flatness thereof 
cannot be maintained. Therefore, the heights of the metal plugs 
9 and the film thickness of the interlayer dielectric film 7 
cannot remain equal. Since the CMP polishing rate of tungsten 
or titanium nitride is higher than that of a silicon oxide film, 
an average polishing rate of the region (the left-hand region) 
in which the metal plugs are formed in a dense manner is high, 
and therefore is higher than that of the region (the right-hand 
region) in which the metal plugs are formed in a sparse manner. 
Thus, the above-described overpolishing occurs. Concavity 
formed by the above-described overpolishing is observed as 
so-called oxide loss. 

[0059] Thus, according to the present embodiment using the 
silicon nitride film 13 to which the present invention is 
applied, the heights of the metal plugs 9 can be equal (the same) 
in the whole semiconductor substrate 1. 



4 



d9) B*mtmff (jp) (12) 2^ ^f] 4# IrF 3* ^* (a) aimnmm^mm^ 

1-204520 

(43)&68B ¥fifcIl*p<1999)7J!30H 

<5i)inta.« mimn fi 

H0 1L 21/3205 H0 1L 21/88 K 



»stjfc *m$t m&mwmo ol (^ n h> 



(21) ffl«#4f 

(22) fflK0 



sff&lW (1998) 1 J3 8 B 



(71)WffiA 000005108 

^f8=F^BBK»EaKM#rara 6#i& 

mmw% mm mw- 

02mwm mm m 

^aj/hW±^«rETB2o#i^ w 

JfOiCfM^rfrJi^tfETB20#l^ ft 



(54) BgW©£;»*J *«#^BIIiI?S^e**^-€-oSig^te 



(57) 

tc. f^mmmicmmLTfttiL-tz**^ Fax* 

[fi¥#t^l&] 1 OillCM I SFETQn 

n^cMP Lt¥S%iffl^i 7 ^^-r 

-5o IMi 7 ±IC 5 0 n mSUPO^ 'Jnyf 




9a : * >K 9b: *>yx?>K 13 : >>J a >s<tB 
Qn:M]SFKT 



Hffrffit^OfBB] . 

<dwm t , boh 2 m®<D 75 i?<Dmm*mwmwL<D3L 

mmm±.icBf£z*ircm 2 <Dmm*mmt . missis 2 
(Dmm&mmicfflnznrcmffifLic c m pm^m^rm 
f&znrcm 2 co^v 7 t 

mibus 2 <D*p^ie^jS(ct±. tfrfsig 2 c-/? ^m^m 
titetircmifmt. mmm2<Dy^^micm^n 
rcm2mmt*mi^ mmmim^.(Dm2(D^^<Dm 
%d.¥mte&&o3imfr<E>(DMMt. m^m2mm<om2 

Caftan 3 ] m&m 1 $ fc i± 2 iae<D^?s#:m«iai^ 

HulBJg 1 ^©buIB^^"* rc{±m2<Dy^^OBul2S 

w*:, mm2m®<Dmz75'!f3:rcizm2<D757<D 

MBSRaS&i^/cfilfS 2 cd«K^M{±^ U =1 >g?{t 
[aS*Jl5] 2, 3i:fc{±4fS«<D¥?I& 

mmmmmm<Dmm% rzimmm 2 cd«p^«^^s 

Wcn^-r^m^mmi. ixio ,2 atom/cm 

im&m 6 ] m&m 5 iB«^¥«&*«iHis§:gBT-& 

CfS*^7] (a) ¥*i*g^X®tc¥?fteil8tlHl 

(b) Hffiaa^*6^±ic, msmmmwm& k> t, c m 



(2) WW 5 ? 1 1 -2 0 4 5 2 0 

2 

( c ) tuiex h v >m&£zfmemrsmmmicmtitiL%: 
ma u mmmKzm&b&tsmmmitmim* h 

(d) itufe^WS^CMPtetCcfcOSf^U mJlBS^ft 

(e) Bufey^^c^-rsga^jgfiSc-rsxg. 
m$m 9 ] mim 1 * fcc* 8 iB^©¥3»*ifyBisis 

O GM^e.^^ft/c*®^*/c(i^ft?,CDaSMT'S 
HB*S 1 0 ] «5}<)g 7 „ 8 $ tt 9 lB«<7)¥?l&il 
HfifSX h y/^SOBt/P* 5 0 n mUTicrs C 

[0 00 1] 

■*J:tf*Ottj6tt*lflcBBL. ^*{**«(hJ^ 

ffl i ^ ft 2. ¥«ft«n]i?ssH43 * zfzoim&nmc m 

[0 0 0 2] 

[0 0 0 3] CcD^^^Xr-^y^^cOiiig^iit LT 
h?y^Xf>CVD (Chemical Vapor Deposition ; 

50 ^<D)gffl^^f£iP«)tSjS*^, CMP (Chemical Mecha 



-2- 



3 

nical Polishing ; ffc¥tt»Kttlifflg) S«Hfi*PfflV^6 
CO 0 0 4] 

fflt^c^^^X-ry^y<OS^CtJV>T{±, *>yx 

CMPOWlgf£<D^ffi¥ffite7bW#-£ i £3:^.£;^ 
5, FDXMtS Wiffi^tl 

T^5„ ^WKaX^MtSt, JiHMHNlcB 

Ho««tt*(ftT^rs fc £: t> fc, t» <D{gT^5t5-T 

CO 0 0 5] ZCD&v&mm*. fz£?Ll£, T.Myers et 
al. . IMPROVED TUNGSTEN CMP TECHNOLOGY FOR SEMICOND 
UCTOR DEVICE FABRICATION, 1997 CMP-MIC, p99(1997) IC 

ffitfc*nTft»K iHi^ttJVTti. cMPom^w 
co oo 6] l*»u mteMicizm.vffl.fe&T'it. m 

^ffJlCtty-'C Knx&5^«X^-y7^>E6ji:£:-r5 

CO 0 0 7] £/c. X^Ufcffi^&nStmtfci:, 

fcfct)T^S/ca6, CM Pmofcfttf-\-ft\cftt>ih%i& 
^/I/^r-H^fgl^ b^;k £*J£ 1 0 " a t o m/ c 

co oo 8] *&w(DBmt, &m7^y*cMpmc 

CO 0 0 9] $/c. #S£B£<7)gtfH±. ^I^^CM 
COO 1 0] $fc N *^CDgflg{i N CMP^CO^F^ 
COO 1 1] #58HB<DStt«\ ^»««Ih1«S^ 



(3) ^f^^P 1 1 -2 0 4 5 2 0 

4 

COO 1 2] *ftm<DmttZ>ZSlcZ<D{fo<Dg#]t%iM 
CO 0 1 3] 

co 0 1 4 ] c i ) *5zw<D*mfoMm®®mwte. * 
10 m&mfa±icmmztircmr£&mmt. mmtmmtcm 

coo 1 5] co«fc^aiNSf*:jfe»eiBsiifc:*nfcf. 

tftoT7*-* XV->?>tf if An 
COO l 6] ^v^i, ¥*tegt££Si? 1 1S» 

m2«ia^i:^^-rs^2S^^\ *(D#kzn&*) 

ztircm2<omr$mmmt. m2<om«mmmicmat£ 
ntcmmmc c m PMffl^tM?ti/cs 2 <d77 
m2cD«ffliew{c«, ^2©^^mic 

«o±ffi*^<D^iSi:, m2mm<Dm2<D7^y(D¥m 

^0 COO 1 7] $/c, miM1^07 P vy*rct±^2<D7 p ^ 

7<Dmmt. m2m&<D'7?>?$;r£tem2(D7^7<om 
mtvmi.. 1 0 0 n m*?ii:-rs c tftx%z>o 1 

iggHcS-^ 1 0 0 n m*iS^J^Lrct>cr)T^-So- 
<fc 0 tfmiClZ 5 0 n mJLXT*W* Lt> 0 
CO 0 1 8] «^*e^M$rcfi^2co«fig|fe^ 

50 i±mc2y7x^>frtb%:&$><D£-t&<ibtfx%z>o 



-3- 



5 

mmommicmg-tz&m^Mmt. 1 x 1 o ,z a t 

[0 0 2 0] C<D&fPF*#feK*, £)Vyi±B. 
SH^frSCfctfT'^So cns^ss^H:. X 

[002 1] ( 2 ) *^W^^^*aiHji^gH^^jg 

itsia (b) «innim±(c. «niiutMj:o& 
cMPjsic«fcswMiiwii<, fro, «fflt&tmi(c^ 

@, (c) X h 7/«feJ;lfiFlffiiilcgiMPlP 
Xfg, Cd) »*KJ&CMPj*fc«fc»)JWfiU S«3Ll*i 

t«H*»&3S:s^'vy*jBj«-raxe, (e) 
[0022] t0*5*y&tmmBmm<DW&m 

(asmg^K, fro, IffllttilKJtLTXy 

JSOCMPkrASWS (Xy^/Vy?) cDPgtc, X r- y 
C M POX h 9 C fctf T?« 

[0 0 2 3] £/c, fc, Xh'y/WcioTC 

[0 0 2 4] IfcibbT, *5SHOS!Jg^rffiK:«fc-3T, 

[0 0 2 5] **5, ffiiSSiifi^&fcfc^T. -f^VeM 

cit^-e^So cntit), x^-7-y^tcfia-rs^js 



(4) !&F,fW 1 1 -2 0 4 5 20 

[0 0 2 6] SF^ie^{iC VDmc£K>BrftZ 

IS/iti s o G^e>iiw^nrc*s^^/c«^ne)« 

[0 0 2 7] ££>{C, Xh<y/<Jg|cD§iJPt±5 0 n mUT 
[0 0 2 8] 

[0029] mm. *m}<D-nm<oi&mT*3oZ¥m 

[0 0 3 0] pJBcO^M^ (rctz.l£Xu^ (B) ) 
I S F E T Q n ^M?ntt^„ 

20 [0031] ^gtssfg 2 t±, i <o±m<omm 

So 

[0 0 3 2] MI S F ETQnli, fcfc*.fcE»^S'y n 

[0 0 3 3] y-r-«i4(i, rc£S.i£&£$ii/Vuy 
30 mfrZZ:'). rc£z.l£ nB(D7F$miT'&2>V > (P) i: 

rctit* (as) tfmxznT<&t&m.<tztiT^z> 0 s 

fc, Mifi«K:W\ &m->W^ Kit 4 a tfjgfilc^n, 
[0 0 3 4] *fc, y— hM4cr»ffllJffi{CJ±. ^-T F>7 

* 6 (±/c tK.ffv' u n yg»e>4§„ 
[003 5] WBj¥3l{fc®i§E 5 tc (i, n B<D?fffiM, 
40 rct7Ll£V> (P) S/ctit:^ (As) ^iSJifitC^A 
J^lt^o t4^, MI SFETQnl±, n^i-* 
;l/M I S F E TT'SSo ttfa?ttma¥m&ffi8L5<0 
MM, OS 0 ^*E#I^*{*^ 5 <D***MCf£?Zffi 
«0^*6»»fi*fi< LT, ^W«LDD (Lightly 
Doped Drain ) JSSglc-rs C feft§ 0 
[0 0 3 6] =RJB^iN»(Mi«5<oaBSiB:»tcti> ^« 
i/VM HM5 a^fg^c^nT^So FIS 
5 a«, ^S->'J-9-^ K/14 a >^XfX 

50 So 'J KM 5 a «J Kl4at 



-4- 



7 

[0 0 3 7] &*5. nft^l/MISFET 
;&0>J^LT»/">3#. p^-fiM/M I S F ETT-feoTfc 

F ETfei^pft^bM I S F E T ©Mfr&Jgfig U 
CM I SFET (Complimentary-MISFET) tttfei 

CO 0 3 8] y- h*<S4 fc<J;tf¥*(*:S«? 1 CD^IS 

«, ir»i7tibtiTi^o ™ie^M7«, & 

L/c C V Dmc <fc DM2n/c-> 'J n>^{tMi:-r-5 C 

[0 0 3 9] ^Hfi»^aM*fii«5 0±ffO»K»«lB7 

^9#Jgfi5t£nT^3 0 ^S^y9«, t\y)7*& 
)VX*ib2>mk?-Zl/ (T i N) !9a*5j;a^>W 
V (W) i9bfre%5„ ^V7*Xf>l9b(i, tc£ 

l?n5o Sffc^2>§l9 a(±, ^>yxf>l9b?: 

msrr s mnmrn®. <d&#*j £ # * > r- ><z> rukjr 

CO 0 4 0] *mfa(D&miCl3^Tlii. &m7^79<D 
tefc^TJStfi^— ([5]—) T*&S„ <Z<D£?lC&m7 : 7 

mrsmmm 7 <Dmm*&m zf ^ 9 9 ©iia^tc wfr £ -r js 
nxixm 1 ssb^m 1 *:¥3»*g« 1 ) ra«iH«E*iqi 

±LT, ¥»^©0^@O««i4«:(Rl±T^«o £ 
fc, *IISS<DJBST'(i, &«:/v^9<^i«itfi$-T*& 

[0 0 4 1 ] ^my^if9<omM<Di^— mz, ioon 

5 0 n mJ-XTtC-T ^. C £ & RFfjgT'&3 0 



(5) 1 1 -204 5 20 

8 

[0 0 4 2] Sf =% eP^I6^7<D±gP^ffi-eO^R^ 

& (Fe) „ XWl* (K) , « (Cu) CMPI 
ST'jgA-r^^S^F^niig^ 1 x 1 0' 2 a t o m/ 
cm 2 OTtSotl^o CKDcfc'S^gt/^lie^zijetC 
T^3<mi. '&lcmm-?2>£olC, CMPIlT*7h-)' 

[0043] &m7?79is&xfmffltmm7±.te&& 

1 1 #Jg/£2rftT^.5o Sfl 1 «BH^M 1 t±. 

t>&z>mmm£-?z ££&■?%&* z.(D&?ic mn& 

[o o 4 4 ] si i s&hm i s 2 jBratMsi 1 o -e 
Bbnt^s. mzmmmmmi on. mm^mm7 1 
20 mmicT Eos*mn3S7>£LrzcvDmc&9Bi£z 
tire ~> v =i >mim t-?z,cttfT-%z 0 

[0045] mzmmmm 1 oict±. mmi 1 1 ttm 

/^JT^^m^Iftf^^I 1 2 a*5<tt>*^>^"X 
f>I12bfrf>45o gfk^^>^l 2 a*3<tt;^> 
7'Xf>I 1 2 b(±, ±MZmit^2 >m 9 a:fc<fct>**> 
^XfyS9 b tlR)«T*fe§ 0 

[0 0 4 6]^1777*12±JC{i, Sg2/Bg3glM2tf 
30 ^fiK^tlTl^o ^2SB2i^M2(i, ^lSBa^Mlt 

[0 0 4 7] *HSScO^T*l±. &m7<7 7 1 2(D^ 

7^?9ic-D^T<DWi-er£mmT>&z>< > $/c, 

40 m 1 «K^M 1 t^2«gH^M 2 PalcoaPiJE^r(p)± 
T*^, ^S7°7yi 2^^Lfcm<DX@v->?>^(6] 
±T*#S^T^S^^9^Dli-a-i:I^«T*^S 0 

sb 2 aiat&iuii i o <D±mm\c*>v%&M7mm<owi 

[0 0 4 8] &*5. 2|c||Sfi©}BjgT?t4»lW*Sl»-rS 

*\ ig2«Ei^M2±ic. z^cmm&mmt£Bf$.L. 
jo [oo4 9] ^tc, *mm<DBM<D¥mtemm®&$iW. 



-5- 



9 

(dwm-h &^0 2 -0 i z&m^rmm-tZo 02-0 
i 2 it, ^nm^mm^mwrnmrn^m^mM^m 

co 050] £u\ P m<D*mw<mmcmA-$tirc 

J^^JgfiStfS (02) o btt, 7*hUV^ 

7 * sib* <fc t/s^rei >y f- y 7&ffi*m ^Tymwm 

mmmzte. mmz b&£ts*mw&R i <D±m^>v 
3 ymimtzmm l , c <d -> u 3 ymtm* cmpsic 
<t o Lx^mwmfo i ±<?» y 3 ymtfmtt&Hiz 

U Sift 2 brtlcO^>y 3>g?{tM£g-r;i ttcjct) 
[0 0 5 1] S/»Jn>^fbM(±. fct;U;fTEOS£:ffl 

cvDiiickD jgfiit-r § ci:^T*t5„ ~> y 3 > 
m<m<ommwnc. mmzb^m^rcm<D^y^y^ 
s^&Bfcg-r z> rctb<om^y y 3 >&ft§i^>£ u 

^•jn>g{tM^flSttr> ->y 3>&{t:§|<£)CMP<D 

CO 0 5 2] Mz, ^f*a^O±ffi(CM I S F E TQ 
n«:MtS (03) o M I S FETQnOMtt, * 
•?*mfcM& 1 ©ii±ty- M£li/gt3 fc&SS/U 3 

■J 3 >g| t> J: t^> U 3 >g£{fcSI£y ^--V^'Lty- 

htmm3is&zf?-hmM4it&i&irZo sneaky 
^ymicimt&mt(D^ ^mtattwmmicmATZo 
^<d'&. tc tztf-y y 3 ymitmtt^mfcMfo i <D-sm 

X^-9-6tt5o ^cof^ h Bffi 4*5 K 

*j£y> (p) ^-si^tig (as) sgas^it'C 
^mn^mmm 5 <o±stc^a ~> y vm a a » 5 

if>jfXf»'J*)-l' K*Bla*LT^S*«. (T 
i) , fe-50Hiny^Uh (Co) ©^U FiT'feo 
Tfc<£t/\, C<7)<fc -5 LT@ 3 iZTF&M I S F E T Q n 

COO 5 3] #tc. M I S FETQn^KiTOIS 
7«tS (04). SH^J^7<D^fi. /ctx. 
fcf T EOS ^rfflV^fcC V Di£tC<fc t> 5/ U n :/BHtfR&j? 



(6) nmW- 1 1 -2 04 5 20 

m 7 u&swaatfMsns. JBRB«&i»jgt 7 ommn 

^10 0 OnmttSCi:^^ 

c 0 0 5 4 3 ace, mrsmmm 7 <o±mic ~y u 3 

Ml 3^ii«-T5 (85), fUayaffcll 3fi75 
Xvc VDjSa65i/Hi7./^-y^}£K:J;oTttSCe^So 
v/iJni/gfbMl 3(i. ^{clttW-r5«fc^(c. CM PS 
IC J:-S9fli«S©X f- >y ^it LTlitSo S/'J3> 
Ml 3<DMIP{±5 0nmi:-rS(lt^T^5 o 
COO 5 5) ^IC. 7* FU-^Xhl^VXi'.tLT, 

/o ymtm 1 3 fc<t tf sratgisus 7 ^ht? ttx ^ 

mfrmm. 1 o^B5o^w«B*sifl«« 5 (^s~> u -9-^ 
Ki5a) ^sm-rs<ta^jgfi)t-r5o 

[0 0 5 6] ^(C, /^U7Ii:LTSft^yi9ai& 

*i«L, zziczyvxT-ymsbttmm-tz (0 

ic&ot&mx-zZo %rc. ^yy^ym9 burets 
i£7^y>r>y h^yifx^yc vDSia K>mmr^ 
%>o ?y?x j rym9 b&mncfjk-ttis*?. mmns 
20 *^±icm®}&&o 

c 0 0 5 7 ] ssbhl 8 «a5^*i^ < 3 

Ml 3±©?>^Xryl9 b*5<ttfMt^^^9 a 
^rCMPffilcJ;t)l^*L. ^I7"7^*9Wri(t5 (0 

8) o yv=iymtmi 3<Dmmmm&. $y 
7xrym9 b&zmm<t=f-$ym9 acommmmt 

VOSL UT 5 ^U±JgV^fci6. U 3 >gft^ 1 3i'CM 

>^ft^ i 3 (DTmvmmmum 7 tfmmznz c n & 
co 0 5 8) c<D^u%m 1 o^m^xmm-r^o 0 1 

0 (a) «:» *»W*ai)lUrcii^€)CMPPeeW5» 

T'fctK 010 (b) {*> lt^/ci6*^W%iifflL^ 
^m-£t<DmffimW%:^rc$><DT*3b2>o 010 (a) , 

(b) o^fcttc, tEmmmt&m7^79tfmicm 

ric^n/c^^LTV^So 010 (a) tc^-rtjo 

k>. *ftm*mmisT~yv=iym<mi 3«eiau c 

^*X^>^9 b43J;0*Mt^^>^9 a*^^C|^SS 

nfegsit?) , ^y3>^(b)^i 3«wai^Mi/^c46S 

otV^ttlt^^o Cl <D<t -5 'J 3 >^ftM 1 3(i 

&m77<y , 9<DmmicMt>c>ir&t£-?2> 0 —yj, ->')3 

50 <D<fc^>3:j!$J:§:flf^Mu ^ ^^X^^^t/Migfk^^ 



-6- 



z/tfi; y a ^Mitrnz hcmp mmm&w&b^rc 

[0 0 5 9] d£D<i;-5tc. *»MLfc->U3yl 

»*¥«(*s«i<o^iSk:t)fcoTis- (ill-) k-ts 
to 0 6 0] gfcc i/*)zxym\M \ 3*j^5S-rs (0 

9) o S^U3^afURl 3<9|Sfc£Hu /ctx(fi'J>i 
i/y)ziym\M l 3 ff -5 /c *6. CMPO^tcfc 

i&yB§K <:fc^T*f5o -r&t^ 
tis/yn^sftiiti 3±K«auTi5»), cn*i»it 
sfci6, ^uavfifUMi 3 £mmc*F>mat>m&-v% 

i*. S^t^T'^Stf. ffitc^l/^^A (Ca)> 
(Zn) , th'JW (Na), (A 
1) „ V^^A (Mg) , Vi/#> (Mn) #t>0J 

^T'^So 3:7c. CcOJcolc. 3F>fiflB«rS/y 3>gfbM 

i 3 £{simc&£Tz>rzib. TFmwwmwis^Mz i o 

11 a t om/cm 2 CD*— , -f&fc>^ 1 x 1 0' 2 a 
torn/cm 2 TfcrSlC-r^CttfT'^o 
[006 1] Sfex CMP©WStcJ;t)> X^77f^ 

X^^gHi^cv"; nvgftMi 3±tcfg£U 
[0 0 6 2] ^:t3. ^«^y9<D^(i. T* 

[0063] m i mmmM 1 #0^3 (0 1 

1) o ^Hffi^MHi, fc£:x.H:^{b^*>§£, 

So 

[0064] aic, is i «b2^m i^m^mz mmmm 
1 2ttBm.?% (012)0 m2mm&mmi 0, &m 

?Ll 1 *3j;t>*^S^-5^i 2 t/SSJg^teti, 

H5iaLfcJiH*eiSM 7 , g^?L 8 fc.fct/^s^^ y 9 t 



(7) 4$Ha¥ 1 1-2 0 4 5 20 

0^«y^^"l 2 0^*5j;0 : ^2«P H 1*eMl 0<DJ@I 

[0065] mmc mzmmffiMzttm immmM 1 

/o [0066] &nM<D&m<D¥m&mm®i&&mis£zs : 
?<Dm.m.j5mc&ni£, &mzf^?9, 1 2(omM^ 

-{CUT. i:/c, «P^*g^JK7. 1 0©«f ^-KTf 

[0 0 6 7] */c, CMPW^Cj;D^S^Sprffitt<0 
[0 0 6 8] CMPlC£*)f££.lTZ>7>l?^v : f-%: 

[0 0 6 9] &*5. ±f2ISflfi©J$STfci\ CMP&QX 
hWN&LTS'ysvSMtiR 1 3*M*«Lfctf.. cti 

icisen-r. s/y=i>§fcgffc (s i ond v a{k*n 

> (BN) Kiti"J3> (S i C) SSVH±S 

[0 0 7 0] *fc. ^Syv^9<DAyT^fcbT^{h 

30 feoTtJ;^., 

[007 1] W±> *^#lCj;-DT^^n/c%^fg 

[0 0 7 2] fctxtf, ±fS»<DJ£JgT*&. 

gftM 1 3*ffi£:Lrzm*mwLrct>K m 1 3*5*q*0 
1 4K:^-r<fc?ic. ->yn>g{k^i 3^*-y:-r. ^ 

^?^:T?><fcV> 0 -r&fc>^ 0 1 3tC^-Tcfc-5li:, CM 

1 3 ^r^s-yr-rtcm 1 mmmM 1 ?:)^fiic-rso 

Ml 0. ^S^^l 2*5«fctfm2«SE^M2^r^-r 
s (01 4) o £<nm-&&. ^U3>fifUMl 3©l^£ 

[0 0 7 3] STc, ^ZISBiMZ^^S^vi/y 

•r <fc 5 tc, m 2 sraie^is 1 0 *tta». ss^tl 1 1 « 

JO J:CfjE»ffi 14^2 BKieiiflg l 0 lcfBfi5t-rs 0 



-7- 



13 

0 1 6lC^-f <fc?lCs /^J7ifcLT^fkf^>i 

zmmmmm i o±.<r>mm i 5 b &&zfmn: s f-*>m \ 

5 ateCMPmckQ^L-cmitm^mi 5a*54: 

±(cCMP<DXh7^tLT^';3 z/mtm^mm.? s 
S C t So d £: 

[0 0 7 4] 

[0 0 7 5] (1 ) ^JB^^CMPfetCfc 

[007 6] (2) £Jgy^^&CMP*£^c < 4:!?Jg/^St-r 
[0 0 7 7] (3) CMPfgcD^^£0^®U-<;l/igr-h 

[0078] c 4 ) ¥mi*mm®mmm(D&^im<Dim 

[0M^S^^»JW] 

[0 1 ] *f^O-!IMOfl51B*l?i6S¥*»SaiEI8SS 

[02] *RJH©-^sfi«ojg!B-ea55^N»»m«@»g 
[03] *mi<D—mm<mm^&*qmmmm&& 
[04] *^«o— mm<Dmm~e&z> i mi*mm®&gi 
[05] *^o)-ii©fg®Ta&5¥iftii§i«8g 

«<DSIJS^r»©— ff«*xeiUt:^ L/cffiSit^ S „ 
[06] *^©-Hl5fiO^®Td&«¥»(*m«eiffi^ 

[0 7 ] *^<73-H5fi<D^^T'feS¥#^«[Hl^ 
HOHJS^teO— ff!l*XS«Bfe:^L/£:«ffffiiia?*So 

[08] *^©-||iffiO|gJST?&S^!W«fc«lHl«SS 
H<9l4)fi7j 09*XgAgfc:^ b fcWf ffi0"e& S o 

[09] ^mco-mm<Dmmx'&^mi^mmm^ 

[0 10] (a) 14. ^W^jgfflL/c^g-^CMPW 



(8) 1 1 -2 0 4 5 20 

14 

(b) (4. tt«Wfcfc#f8W*j8ffl U*V^ 

[011] *f8w©-njwo^«i-ea6SiNiW«ia80SS 
^HcD8iia^ri(D-c»j^x®iia{c^u/-c»Ta0T*^So 

[0 12] 2|cf6W©-IISfi<OJBagTfa&S#il(*«UftiilB 

[013] *fm<D— nffi<DBmT'&z>*m&mm®& 

SHO»il^ttOteOflW*Xgjefc^ Lfe»fB5HTi6 

/0 So 

[0 1 4] #^©-^»©^ElT«634^^tM»aI» 
^lloSiertrftofl&OM^xeMltc^LfelffBSHT?* 

So 

[015] *mio-mm<D&mT-3bz*mft$m®& 
[0i6] *Km<D~mm(DBMr'$>2>¥mfcMmM® 

T*&S 0 

i 

2 

2 b ^1 

3 y- h» 

4 a M^U^ KM 

5 jffflM^mwmm 

5 a 

6 ^F^t-^-t 

7 ir^n 

8 mm* 

9 ^s^y 

9 a ^t?-?>m 
9b ^>^Xf>I 

10 ^2«H«5^M 
1 1 M£»L 

1 2 ^S^y 

1 2 a mt*9z/j& 

1 2 b ^yXT^J!! 
40 1 3 

1 4 MP 

15a ^{t^*>Jg| 

1 5 b mm 

Ml IfllflgEiSa 

M2 mzmwm. 

Qn MISFET 



-8- 



(9) 



#P*H¥ 1 1 -20 4 5 2 0 




CH5] [06] 
S? 5 me 




-9- 



(10) 



IfrmW- 1 1 -2 0 4 5 2 0 



[07] 
® 7 




[08] 



m 8 




9a:SMKy*>IH tb.9>lfX^>Wi 13:J"J:J>»fcH 
<*>:MISFET 



[09] 
^ 9 





-10- 



(11) 



1#BB¥ 1 1 -2 0 4 5 20 



[0 11] [112] 



E3 1 1 a m 12 




imi 3] 

[0 14] 

m i 3 

m i 4 




[0 15] [0 16] 

mis m i e 




-ii- 



